ABSTRACI
The addition of titanium to bronze-processed Nb 3 Sn wires is known to increase the upper critical field and. thus. improve the high field performance. High resolution studies were done to determine the effect. if any. on the microstructure caused by Ti addition. This work used a Hitachi wire with a Nb filament diameter of 3.5 Jim and a bronze to niobium ratio of 2.5. The bronze matrix had 7.5 at.% Sn and 0.4 at.% Ti. The microstructure of the Nb 3 Sn layer was studied in TEM on axial and longitudinal wire sections and in SEM on fractured wire surfaces. The results were compared with a previous study on a similarly processed Ti-free wire. It was found that the Ti addition caused no qualitative change in the microstructure. This result is contrasted with previous work on the beneficial effect of Mg additons that have been shown to be predominantly microstructural.
INTRODUCIION
The addition of Ti to multifilamentary bronze-processed Nb 3 Sn wires has been found to improve the current carrying capacity at high magnetic fields (14 T and above). In lower fields (10-12 T) this effect is not as pronounced. Since it is believed that the performance of these superconductors in high magnetic fields is dominated by the upper critical field (H c2 ) and not by microstructural features such as grain size and morphology [1. 2.3] it appears that the addition of Ti is acting to improve the intrinsic properties of the Nb 3 Sn. This is in contrast with the effect of Mg additions which have been found to strongly increase the critical current at low fields through improvement of the microstructure. specifically by imparting a uniform fin& grain size to the A15 layer [4] .
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While this interpretation of the Ti effect in terms of its influence on Hc2 is plausible. prior work has not included high resolution studies of the A15 microstructure in Ti doped wires. It is therefore uncertain whether there are concommitant microstructural effects that also influence the properties. The present work was undertaken to clarify the microstructure of the Ti doped wires and determine whether there are qualitative changes in the microstructure on Ti addition. A mu1tifi1a-mentary wire with 0.4 at.1ib Ti added to the bronze was studied using TEM and SEM techniques. and compared with a similarly processed Ti-free wire.
EXPBRIImNTAL PROCEDURE
In the present work a Hitachi conductor containing 31 x 331 active cores of 0.4 ~m diameter was studied (see Fig. 1 ).. The cores are embedded in a Cu-7.5 at.% Sn-0.4 at.% Ti matrix. Each bundle of 331 cores is wrapped in a Nb diffusion barrier and the 31 bundles are encased in a Cu stabilizer. The overall diameter of the wire is 1.2 mm. Samples of the wire were heat treated after encapsulation in sealed quartz tubes backfilled with argon. and were reacted at 700 and 750 0 C for various times from 7 hours to 8 days. Etched cross sections of the heat treated wires were examined optically and with SEM to determine extent of reaction. The physical state of the reacted layer was studied by high resolution TEM on thin sections and by SEM on fractured wire surfaces. TEM samples were prepared from both longtitudinal and axial sections of the wire.
RES~S AND DISCUSSION
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In previous work [5] on a multifilamentary bronze-processed wire manufactured by Airco Superconductors. it was found that the Nb 3 Snlayer is divisible into three morphologically distinct regions: a layer of columnar grains which grow out radially from the Nb core. a layer of smaller equiaxed grains. and an outer layer of coarsened grains near the bronze matrix. The columnar grains have an aspect ratio of roughly 5. and the grain size in the fine equiaxed layer is approximately equal to the short transverse diameter of the columnar grains. about 750 A for a wire reacted at 700 0 C for six days.
The Airco wire has nearly the same filament size. Sn concentration, and bronze to niobium ratio as the Ti doped wire of this work, 3-5 ~m vs. 4 ~m, 7.4 at.% vs. 7.5 at.%. and 3.0 vs. 2.5, respectively. Although the wires are not identical and the Sn supply is depleted earlier in the Hitachi wire, a qualitative comparison of the microstructure of these two wires can be made when both are close to complete reaction. The reaction is accelerated by the Ti addition and near complete reaction occurs sooner in these wires.
When Ti is added to the bronze the three layer structure is preserved, although the layers are less distinct. In the axial view TEM micrograph, Fig. 2 . the columnar grains near the residual Nb core and a region of the finer equiaxed grains can be seen. The diameter of the eqiaxed grains is approximately equal to the short diameter of the grains in the columnar region. In Figs. 3a and 3b . which are taken of longitudinal sections of the wire, the columnar and equiaxed grains are shown. The average grain size in the fine equiaxed layer is larger for the Ti doped wire, roughly 1200 A after 7 hours at 700 0 C and increasing to roughly 2000 A after 8 days.
The overall grain structure of the reacted layer can also be seen in the SEM fracture surfaces of Fig. 4 . In some cases where the SEM fracture surface appears distinctly intergranular there is agreement between the grain size in TEM and SEM. However. the SEM technique should be used with caution since the grains will sometimes cleave together during fracture, particularly at low angle grain boundaries (see Fig. 6 ). It is therefore essential that SEM fracture surfaces be used in conjunction with supporting TEM work.
It is unlikely that the Ti will have absolutely no effect on the microstructure. A detailed quantitative analysis of the effect due to Ti doping would require a comparison of identical wires which differ only in the addition of Ti. However, the similarly processed wires in this study showed no dramatic qualitative change in the microstructure which could account for the observed improvement in properties.
It is apparent that the Ti addition has not changed the overall structure of the reacted layer, and in fact has deteriorated the microstructure by allowing the formation of larger grains in the equiaxed layer. This is in sharp contrast with the results of previous work on the effect of !IIg additions to multifilamentary bronze-processed Nb 3 Sn wires. The addition of Mg to the bronze matrix was found to suppress grai~ growth. Specifically, the area fraction of the fine equiaxed grains increased resulting in a three to six hundred percent improvement in the critical current density over that of the Mg free control wires.
A good conductor will have good inherent characteristics as well as an optimized microstructure. To achieve these both, simultaneous additions of several chemical dopants may be neccesary, some to improve intrinsic properties of the AlS and others to improve the microstructure.
CONCLUSION
High resolution studies show that the addition of titanium to a multifilamentary bronze-process wire does not dramatically effect the microstructure of the Nb 3 Sn layer. Although less distinct, the three shell grain structure found previously in a bronze-process wire without Ti additions can be seen also in the Ti doped wires. Ti additions ar~ apparently improving the intrinsic properties of the Nb 3 Sn, but not improving the microstructure. Other dopants, such as Mg, have been found to produce large improvements in the microstucture. Therefore it may be possible to obtain both high inherent characteristics and an optimized microstructure by the use of multiple chemical additions.
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